Dr Beryl D Corner (United Bristol Hospitals and Southmead Hospital Group)
The Clinical Problem At birth the vigorous newborn infant has a wide range of blood oxygen saturation with an average value of 25 % and a mild acidosis, average carbon dioxide tension 55 mm, and pH fall to 7 25 (James & Burnard 1961) ; there is normally no increase in the blood organic acids (pyruvic and lactic acids) but a slight rise occurs immediately after. Satisfactory establishment of pulmonary ventilation following the first gasp or cry quickly corrects this mild acidosis.
In the asphyxiated infant, after a period of oxygen deprivation or reduced gaseous exchange a profound acidosis develops, due to an accumulation of organic acids as well as carbon dioxide retention. Irreversible changes usually occur if the pH remains below 7x1. Rapid establishment of normal pulmonary ventilation carries the only hope of survival for such infants.
Clinical examination of the infant during the first few minutes after birth is essential to diagnose the degree of hypoxia which influences skin colour, the pattern of respiration, muscle tone and response to stimulation, and heart beat. These observations must be repeated frequently until (1) regular respirations are established, (2) the child's colour is pink, (3) the limbs are well flexed, (4) the child reacts to superficial stimulation by movement, and (5) the heart rate is normal, i.e. 110-140/minute. Assessment of the respiration alone is quite inadequate.
The use of the Apgar scoring system (Table 1) , or the simpler Aberdeen classification, is found to be of value particularly for training, since it helps to impress the grades of hypoxia and the almost imperceptible passage from one to the next. This also allows data for statistical assessment to be simply recorded. Since 1949, in both the consultant-staffed maternity units in Bristol, the Aberdeen classification has been used for all livebirths. Grades C and D (Table 2) indicate abnormal hypoxia, and the worst condition reached is recorded as the final grading. . In this selected group of mothers, parity was non-significant, and the usage of analgesia and anusthesia proved to be too difficult to analyse. The following factors appear to be significant and carry a high risk of an abnormally hypoxic infant:
(1) Low birth weight (38 % were born at 36-39 weeks, 11 infants at 40-42 weeks, and 1 over 42 weeks).
(2) Pregnancy complications (Table 4) were present in 61 5 % (Grade D babies, 74-4 %).
(3) Following surgical induction of labour (usually performed in cases where placental insufficiency is likely) 40 % were hypoxic and following elective Cisarean section 6 % were hypoxic (Table 5 ).
(4) Fetal distress in labour preceded 17 %.
(5) Delivery was 'normal vertex' in 36% (total rate 76%), although pregnancy or labour was often abnormal (Table 6 ). These deliveries were frequently unattended by a medical practitioner. 29 % were forceps to vertex (total forceps rate 12 %): 17 7 % breech delivery (total rate 5-1 %): 16 9 % Cisarean section (total rate 4-7 %).
Prediction is important as an indication that a doctor who can give undivided attention to the infant should attend the delivery of all these high-risk patients. The most important group appear to be the mothers who are 'small for dates' or in premature labour.
Resuscitation Technique
The first task of resuscitation is to initiate a good gasp reflex which should then be followed by the normal pattern of respiratory movements. The negative pressure exerted on the lungs by the first gasp or cry may be as high as 60 cm of water in a very vigorous infant and probably is usually about 26-30 cm. The lungs of an infant at birth cannot be evenly inflated like a balloon owing to various anatomical features and the cohesion of mucous surfaces, and attempts to do so may build up dangerously high pressure with rupture. It is therefore essential to restore the depressed nervous control of respiration as rapidly as possible so that the lungs are expanded by the negative pressure exerted by normal respiratory movements. (17) In the hospital labour room there should be a special resuscitation trolley. The asphyxiated infant should in the first minute after birth be placed with the head downwards on a sloping platform while the oropharynx and stomach are aspirated. Feeble gasps may be stimulated by this procedure, but if the score or grade is low, laryngoscopy for aspiration under direct vision of mucous secretions, which are increased by hypoxia, should follow without delay. Failure to breathe then is an indication for more active measures by intubation of the trachea and administration of oxygen by intermittent controlled positive pressure, normally not exceeding 15 cm of water; rarely a higher pressure not exceeding 26 cm of water may be given for one puff (Q second) to stimulate the first gasp. Intermittent pressure is continued at about 10-12 cm until the colour and heart beat improve. Continued oxygen treatment at atmospheric pressure depends on the clinical condition, including the adequacy of pulmonary ventilation. Premature infants are normally transferred to an incubator not exceeding 900 F as soon as respiration is established, and mature infants to a cot at room temperature, i.e. 70-75' F; a special observation chart is kept for at least forty-eight hours. Table 7 Cause of death. Grade C Birth weight Up to 1,501-Over Cause 1 S00 g 2,500 g 2,500 g Total Gioss malformation Mild hypoxia responds to superficial stimulation and aspiration of the oropharynx. Such infants usually manage to cough and clear the airway. Drugs which act on the chemoreceptor system, e.g. alpha-lobeline, 3 mg, appear to be useful for stimulating the less hypoxic infant particularly if given intravenously, but this dosage should not be exceeded owing to the convulsant effect. Nalorphine is probably of some value as an antagonist to the morphine-like drugs and it is our practice to give this into the umbilical vein if the mother has received such drugs within four hours of delivery.
External cardiac massage was used successfully for 3 infants with absent heart beat, but all died within twenty-four hours.
Mortality Rate
The success of resuscitation may also be judged by a study of those infants who die (Tables 7 & 8) . Our mortality rate was 22%: Grade D infants, 72 1 % (86% of low birth weight), and I0 I% for class C (27 % of low birth weight). The respiratory distress syndrome followed in many of the low birth weight infants, causing death in the first twenty-four hours. Most of the Grade D infants would have died inevitably from other causes. Immaturity and prolonged hypoxia from severe maternal disease were highly significant in the Grade C mortality. In only one case could no explanation be found for the fatal asphyxia. inflation had been found previously in the adult rabbit when the lungs were inflated after the vagi had been half frozen (Head 1889; Cross, 1961, Brain, 84, 529) . This response in the rabbit and the cat has since come to be known as Head's paradoxical reflex. Very recently Dr Gillian Geffin has examined the response of the anesthetized newborn animal to inflation of the lungs and has found some evidence to show that a gasp is present which is reflex in nature and is mediated on the sensory side by the vagi. It is of great interest to find this response in the newborn animal who needs to make vigorous efforts to inflate its lungs at birth.
REFERENCE
Mr I A Donaldson (London) said that the excellent film 'Resuscitation of the Newborn' illustrated one method where the baby was born into a team of experts. Prompt attention was thereby ensured. The methodtracheal insufflation, described by Flagg (1940) -could, in unskilled hands, be as dangerous to babies as CQsarean section in unskilled hands was to mothers. The reverse was obviously true. He had seen the baby die from rupture of the lung. Bichat, in the eighteenth century, showed that gas could be forced into the circulation.
He was not destructively criticizing the method, but wished to stress that research methods must be clearly distinguished from routine methods. The intra-gastric oxygen story must not be repeated.
At birth the baby required: (a) An adequate circulation to the vital centres (heart and brain); here the heart rate was the guide. (b) A patent airway to allow oxygen to reach the blood; here secretions and muscular flaccidity were the enemies. Any method must fulfil these two requirements and, if possible, be foolproof.
(1) Clear the airway repeatedly by suction. This had been emphasized for many years. Smellie & Scheel (1780) had advocated a tracheal catheter. Flagg (1940) had devised a laryngoscope. The value of gravity was well known, but was not always employed. The infant should be carried head-down to the cot.
(2) Maintain the airway. This was frequently neglected. The flaccid baby, like the flaccid adult, could not maintain the airway unaided, so the chin (the mandible) must be kept forward until muscle tone had returned.
(3) Administer oxygen by nasopharyngeal catheter. Mr Donaldson had learnt this method from Professor Macintosh in the labour wards at Oxford. It had saved many babies, some apparently moribund by the time the doctor arrived. Progress must be continuously assessed by heart rate, muscle tone and upper abdominal respiratory movements.
(4) Stimulation of cardio-respiratory system: (a)
The nasopharyngeal catheter stimulated the nostril, that potent areaas shown by Barcroft (1942) for stimulating respiration. (b) Intermittent lateral compression of the thorax was sometimes dramatic, but could be dangerous in clumsy hands. (c) Analeptics and respiratory stimulants seemed to be less frequently used, particularly when the interval between birth and expert resuscitation was reduced. Shorten this interval: then debate methods and their merits. Dr C W Kesson (London) asked about the gasp reflex which Professor Cross had described. Was it considered that the introduction of gas into the air passages actually inflated the alveoli or did it merely cause sensory stimulation of the trachea and main bronchi and was it therefore no more specific than the gasp response which followed smacking the soles of the feet? Although much had been said about the mortality due to asphyxia neonatorum, little mention had been made of those unfortunate children who survived with severe brain damage. It must be stressed that the most effective prophylaxis against asphyxia neonatorum was a high standard of obstetric care.
Professor K W Cross, in reply to Dr Kesson, said it seemed probable that the gasp reflex was specific and was concerned with a change in transpulmonary pressure. It might be induced by extremely low pressures. Tracheal receptors generally gave both inspiratory and expiratory responses characteristic of a cough.
